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51 . Tbc biologically active RNA oligomiclcoiidc of claim 
50 comprising a ribozyme. 

52. A method for synlhesinog an RNA oligonucleotide 
comprising contacting the cell of a living organism in situ 
with a single -stranded circular oligonucleotide template 
comprising al least one copy of a nucleotide sequence 
complementary to the sequence of ibe desired RNA ohgo- 
nvdcolide, such that the circular oHgormcleotide is taken up 
by the cell and processed intraceUularly to yield an RNA 
oligonucleotide ami timer comprising multiple copies of the 
desired RNA oligonucleotide. 

53. He method of daim 52 wherein the circular oligo- 
nucleotide has about 15-1500 nucleotides. 

54. The meihod of claim 52 wherein the living organism 
is a plant or an animal. 

55. The meihod of claim 52 wherein the Irving organism 
js a human. 

56. The method of claim 52 wherein the RNA oligonucle- 
otide muhinjer is cleaved to yield multiple copies of the 
desired RNA oligonucleotide. 

57. The meibod of claim 56 wherein the cleavage is 
autolytic 

58. The method of claim 56 wherein the desired RNA 
oligonucleotide is tincar. 

59- The method of claim 56 wherein the desired RNA 
oligonucleotide is circular. 

60- The meihod of claim 52 or 56 wherein the desired 
RNA oligonucleotide is biologically active. 

61. The method of claim 60 wherein the biologically 
active RNA oligonucleotide comprises a catalytic RNA, an 
arjlisensc RNA, or a decoy RNA. 

62. The method of claim 60 wherein the desired oligo- 
nucleotide has endooudcase, eionuclease, polymerase, 
tigase, phospborylasc, dcpbosphorylase, or protease activity. 

63. The meibod of claim 60 wherein the desired oligo- 
nucleotide comprises a ribozyme. 

64. The meihod of daim 63 wherein the ribozyme is a 
hairpin, hammerhead-motif, or hepatitis ddta catalytic 
ribozyme. 

65. The meihod of claim 60 wherein the biologically 
active RNA oligonucleotide j s capable of intramolecular 
ligation. 

66. The meihod of claim 65 wherein the biologically 
active RNA oligonucleotide comprises a hairpin-type 
ribozyme. 

67- The meihod of daim 63 wherein I be desired RNA 
oligonucleotide is capable of trans cleavage. 

68. The meihod of claim 63 wherein the desired RNA 
oligonucleotide cleaves a target disease-associated RNA, 
DNA, or protein. 

69. The method of daim 52 or 56 wherein the circular 
oligonucleotide is administered to the organism using direct 
injection, inhalation, intranasal administration, ocular 
administration, silc-spedfie incubation or infusion. 

70. The method of daim 69 wherein the circular oligo- 
nucleotide is administered via direct injection. 

71. The meibod of daim 70 wherein the organism is a 
mammal and wherein ibe circular oligonudeolidc is admin- 
istered to the mammal subcutaneously, intramuscularly, or 
intravenously. 

72. The method of claim 69 wherein a gene encoding an 
effective RNA polymerase operably linked to a promoter is 
co-introduced into ihe cell. 



73. The meihod of claim 72 wherein the gene encoding an 
eHcctfvc RNA polymerase is administered to the mammal 
via direct injection. 

74. The method of daim 72 wherein the RNA polymerase 
is T7 or E. Coli polymerase. 

75. The method of claim 52 or 56 wherein the desired 
RNA oligonucleotide modifies the structure or the function 
or a target diseasc-assodated DNA, RNA, or protein. 

76. The meihod of daim 75 wherein the desired RNA 
oligonucleotide comprises a biologic ally active RNA that 
cleaves a Urge I disease-assodaied RNA in trans. 

77. A meibod for treating disease in a living organism 
comprising administering to the Organism an RNA oligo- 
nucleotide mtlllimer synthesized according to Ibe method of 
claim 1, wherein the RNA oligonucleotide muliimer modi- 
fies Ihe structure or function of a target disease-associated 
molecule. 

78. A method for treating disease in a living organism 
comprising administering to the organism an RNA oligo- 
nucleotide synthesized according to Ihe meihod of claim 1 6, 
wherein the RNA oligonudeolidc modifies the structure or 
function of a target disease-assodaied molecule. 

79. The meihod of claims 77 or 78 wherein the target 
disease-associated molecule comprises a nucleic add. 

SO. The meibod of claim 79 wherein the target disease- 
associalcd nucleic acid is RNA. 

81. The method of claim 80 wherein the desired oligo- 
nucleotide comprises a biologically active RNA that cleaves 
a target disease-assodaied RNA in trans. 

82. An RNA molecular weight standard kit comprising 
packaging containing, separately packaged, a population of 
about 4-50 repeating unit RNA molecules each having a 
different number of nudeolides such that each successively 
larger repeating unit RNA molecule differs from the imme- 
diately preceding repeating unit RNA molecule by a number 
Of nucleotides equal to the number of nucleotides in a 
single-stranded circular otigpmideotide template; wherein 
ibe circular oligonudeolidc template comprises al least one 
copy of a nucleotide sequence that encodes a ribozyme and 
a cleavage site for the ribozyme; and wherein the population 
of repeating unit RNA molecules is synthesized by contact- 
ing Ihe drcular oligonucleotide template with an effective 
RNA polymerase and an effective amount of at least two 
ribonucleotide triphosphates to yield an RNA oligomiclc- 
oiidc muliimer, for a period of time effective to allow partial 
autolytic cleavage of ihe RNA oligonudeolidc nnilrjmer to 
yield the desired population of repeating unit RNA mol- 
ecules. 

83. The RNA molecular weight standard kil of daim 82 
wherein Ihe drcular oligonucleotide template has about 15 
lo 1500 nucleotides. 

84. T\k RNA molecular weigh I standard lot of claim 83 
Wherein the drcular oligonucleotide template has about 20 
lo 500 nudeolides. 

85. The RNA molecular weight standard kit of claim 82 
wherein the RNA molecules range in length from aboul 50 
to j Offircdeotidcs. . Ifi'fr 

B6. The RNA molecular weight standard kil of claim 85 
wherein Ihe RNA molecules range in length from about 50 
lo 500 nucleotides. 

87. The RNA molecular wcighl standard lot of daim 82 
wherein the population of RNA molecules comprises a 
lyophilizcd powder. 
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88. The RNA molecular weight standard kit of claim 82 
wherein the population of RNA molecules comprises a 
buffered solution containing a quenching agent. 

89. The RNA molecular weight standard kit of claim 88 
wherein the quenching agent is formamide, urea, or EDTA 

A o\<>r\-ri Loll / w - "n* molecular weight standard Iril of claim 82 
Tt-A , 1 wherein the RNA molecules arc d e tyo tablv labeled. 

TAW for synthesizing RNA molecular weight stan- 
dards comprising packaging containing, separately pack- 
aged, instructions for use and a single stranded circular 
oligonucleotide template comprising at least one copy of a 
nucleotide sequence that encodes a ribozyme and a cleavage 
site for the ribozyme. 

92. The kit of claim 91 wherein the circular oligonucle- 
otide template has about 15-1500 nucleotides. 

93. The kit of claim 92 wherein the circular ohgorracle- 
olide template has about 20-500 nucleotides. 

94. The kit of claim 91 wherein the circular oligonucle- 
otide template is devoid of an RNA polymerase promoter. 

95- A method for synthesizing an RNA oligonucleotide 
inside a cell comprising introducing into a cell a smgl e- 
slranded circular oligonucleotide Template comprising at 
least one copy of a nucleotide sequence complementary to 
the sequence of the RNA oligonucleotide. Such that the 
circular oligonucleotide is processed mtraceDularry to yield 
an RNA oligonucleotide mid timer comprising multiple cop- 
ies of the RNA oligonucleotide. 

96. The method of claim 95 wherein the circular oligo- 
nucleotide has about 15-1500 nucleotides. 

97 . The method of claim 95 wherein the cell is a plant cell 
or an animal cell 

98. The method of claim 95 wherein the cell is a bacterial 
cell. 

99. The method of claim 95 wherein the cell is a mam- 
malian cell. 

100. The method of claim 95 further comprising cleaving 
the RNA oligonucleotide mul timer to yield multiple copies 
of the RNA obgonudeoride. 

101. The method of claim 100 wherein the cleavage is 
aulolylic. 

102. The method of claim 100 wherein the RNA oligo- 
nucleotide is linear. 

103. Toe method of claim 100 wherein the RNA oligo- 
nucleotide is circular. 

104. The method of claim 100 wherein the RNA oligo- 
nucleotide is biologically active. 

105. The melbod of claim 104- wherein the biologjcaDy 
active RNA oligonucleotide comprises a catalytic RNA. an 
antisense RNA, or a decoy RNA. 

106. The method of claim 104 wherein tfje biologically 
active RNA oligonucleotide has endonudease, exomtdease, 
polymerase, tigase, pbosphorylase, dephospborylase, or pro- 
lease activity. 



107. The method of claim 104 wherein the biologically 
active RNA oligonucleotide is capable of intramolecular 
ligation. 

108. The method of claim 104 wherein the biologically 
active oligonucleotide comprises a ribozyme. 

109. The method of claim 108 wherein the ribozyme k a 
hairpin, hammerhead-motif, or hepatitis delta catalytic 
ribozyme. 

110. The method of claim 108 wherein the ribozyme is 
capable of trans cleavage. 

111. The method of daim 108 wherein the ribozyme 
cleaves a target disease-associated RNA, DNA. or protein. 

112. The method of daim 104 wherein the biologically 
active RNA oligonucleotide modifies the structure or the 
fuoetkrn of a target disease- associated DNA, RNA, or pro- 
tein. 

U3. The method of claim 95 wherein a gene encoding an 
effective RNA polymerase operably linked to a promoter is 
co-iD traduced into the cell 

114. The method of claim 113 wherein the RNA poly- 
merase is T7 or £L coM polymerase. 

115. The method of daim 95 wherein the circular oligo- 
nucleotide template is introduced into the cell using direct 
injection, electroporalion, beat shock, Calcium phosphate 
treatment, Upid-mediated delivery, or cation-mediated deliv- 
ery. 

116. The method of claim 95 further comprising implant- 
ing (be cell into a plant or animal after introducing the 
single-Stranded circular oligonucleotide template into the 
cell. 

117. The melbod of daim 95 performed in a cell explained 
from a plant Of animal. 

118. The method of claim 117 further cornpr&ing implant- 
ing the cell into a plant or animal after introducing the 
Single-stranded circular oligonucleotide template into the 
cell 

119. The method of daim 118 wherein the cell is reiov 
planled into the plant or animal from which it was expUnted. 

120. The method of daim 117 wherein the animal is a 
mammal- 

121. The method of daim 95 performed in cell culture. 

122. The method of daim 95 performed in situ in a living 
organism. 

123. The method of daim 122 wherein the circular 
oligonucleotide is adtrnimslered to the organism using direct 
injection, inhalation, intranasal administration. Ocular 
adinimstralioo, site-Specific incubation or infusion. 
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